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With the recent data from the first year of the Dark Energy Survey (DES Y1), we attempt to
probe whether there is new physics beyond the standard cosmology and to reconcile the σ8 tension
between the DES Y1 and Planck datasets in four alternative cosmological models. Combining the
galaxy clustering and weak gravitational lensing data from the DES Y1 with other cosmological
observations including cosmic microwave background radiation, baryon acoustic oscillations, Type
Ia supernovae (SNe Ia) and Planck lensing, we find that: (i) For the running scalar spectral index
model, we obtain a positive running nrun = 0.0208 ± 0.0070 at the 1σ confidence level, which is
approximately 3σ larger than zero running from the prediction of standard cosmology; (ii) For the
interacting dark energy model, we have an updated constraint on the modified matter expansion
rate  = −0.00004 ± 0.00031, which indicates that there is no hint of interaction between dark
matter and dark energy in the dark sector of the universe; (iii) For the viscous dark energy model,
up to now, the strictest constraint on the bulk viscosity coefficient η < 0.00152 at the 2σ confidence
level is obtained; (iv) For the dynamical dark energy model, our constraint on the typical parameter
β = −0.04 ± 0.12 implies that there is still no evidence of dynamical dark energy. Meanwhile, we
find the σ8 tension can be effectively alleviated in the above four alternatives by constraining them
with the DES Y1 and Planck datasets separately.
I. INTRODUCTION
During the past two decades, the late-time accelerated expansion of the universe has been confirmed independently
by a large number of cosmological probes such as Type Ia supernovae (SNe Ia) [1, 2], baryon acoustic oscillations
(BAO) [3] and cosmic microwave background (CMB) radiation [4, 5]. To explain this mysterious phenomenon, so far,
cosmologists have proposed two main approaches, i.e., modified gravities (MG) and dark energy (DE). The former
modifies the standard lagrangian of general relativity (GR) based on some physical-driven mechanism, while the latter
introduces an exotic matter source violating the strong energy condition in the Einstein equation in the framework
of GR. We would focus on DE issues in this work.
Up to date, making full use of available data, the nature of DE is still unclear and we just know several basic
properties of DE: (i) DE is homogeneously permeated in the universe at cosmological scale and has no the property of
clustering unlike dark matter (DM); (ii) a phenomenologically cosmic fluid with an equation of state (EoS) ω ≈ −1. To
understand the DE phenomenon, the simplest candidate is the so-called ΛCDM cosmology consisting of cosmological
constant and cold DM. This model can successfully explain a wide variety of phenomena, from the origin and evolution
of large scale structure to the late-time accelerated universe. Meanwhile, it enjoys a solid motivation that it can be
directly interpreted as the vacuum energy density. Nonetheless, this model is not completely perfect and it faces at
at least two intractable problems, i.e., coincidence and cosmological constant problems [6]: The former is why energy
densities of DM and DE are of the same order of magnitude at present, since their energy densities are so different
from each other during the evolutional process of the universe; while the latter suggests the theoretical value for
vacuum energy density is far larger than its observed one (ρthvac  ρobsvac), namely the so-called 120-orders-of-magnitude
discrepancy that makes the vacuum explanation very confusing. Apart from these problems, in recent several years,
two main tensions emerge between high and low redshift probes. On the one hand, the Hubble constant H0 derived
indirectly from the Planck datasets [7] under the assumption of ΛCDM is lower than the direct local measurement
from Riess et al. over the 3σ confidence level (CL) by using improved SNe Ia calibration techniques [8]. On the other
hand, the derived amplitude of the rms density fluctuations σ8 from the Planck datasets in the linear regime is higher
than the same quantity measured by several low-redshift large scale structure probes including cluster counts, weak
lensing and redshift space distortion [9, 10].
Ever since the large scale structure surveys CFHTLenS [11] and KiDS-450 [12], the σ8 tension is recently confirmed,
once again, by the first year data release of the DES [13], which will map 300 million galaxies and tens of thousands
of galaxy clusters in five filters (grizY) over 5000 deg2. The DES collaboration presents cosmological results from a
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2joint analysis of galaxy clustering and weak gravitational lensing by utilizing 1321 deg2 of griz imaging data from the
DES Y1. They find that the DES Y1 best-fitting values for present-day matter density Ωm and compound amplitude
parameter S8 (S8 ≡ σ8(Ωm/0.3)0.5) are lower than those from the Planck CMB datasets for ΛCDM and ωCDM (ω
is EoS of DE), and that the Bayesian evidence indicates that there is no preference between the DES Y1 and Planck
datasets under the assumption of ΛCDM [13]. In light of this σ8 tension, the DES collaboration has used several
extended models to reconcile it, including non-zero curvature, massless neutrinos, time-varying EoS of DE and MG
scenarios [14]. It is interesting that the σ8 tension is still not alleviated in the model-independent parameterized MG
model. Our motivations are to resolve this σ8 tension between DES Y1 and Planck CMB datasets by using four
popular physical-driven one-parameter extensions to ΛCDM, including running scalar spectral index, interacting DE,
bulk viscosity DE and dynamical DE, and to explore whether there exists new physics beyond the standard cosmology
by combining DES Y1 with other datasets in our numerical analysis.
This work is organized in the following manner. In the next section, we introduce the necessarily analytic formula
of four cosmological models. In Section III, we describe four kinds of datasets and statistical techniques used in this
work. In Section IV, we present our results from data analysis. The discussions and conclusions are shown in the
final section.
II. MODELS
In this section, we shall describe briefly four alternative models to be constrained by data. We start with a
homogeneous and isotropic universe described by the Friedmann-Robertson-Walker (FRW) metric
ds2 = −dt2 + a2(t)
[
dr2
1−Kr2 + r
2dθ2 + r2sin2θdφ2
]
, (1)
where a(t) and K denotes the scale factor at cosmic time t and the Gaussian curvature of spacetime, respectively.
In the context of GR, inserting Eq. 1 into the Einstein equation, one can obtain the so-called Friedmann equations
characterizing the dynamics of matter components of the universe as follows
H2 =
8piG
3
Σρi, (2)
a¨
a
= −4piG
3
Σ(ρi + 3pi), (3)
where H is the Hubble parameter and ρi and pi denote mean energy density and mean pressure of different components
in the cosmic pie. Since focusing on the late-time universe, we do not take the contribution from radiation into
consideration. Notice that we use the units 8piG = c = ~ = 1 throughout this study. In a flat FRW universe,
combining Eqs. 2-3, one can have the dimensionless Hubble parameter (DHP) for the ΛCDM model
EΛCDM(z) =
[
Ωm(1 + z)
3 + 1− Ωm
] 1
2 , (4)
where z is the redshift and the EoS of DE has been fixed to be -1. The running scalar spectral index (RSSI) model
has the same DHP as ΛCDM but considers a running of scalar spectral index nrun over the wavenumber [15].
Like DE, the nature of DM is also unclear, therefore, it is reasonable to resolve the coincidence problem by
introducing the interaction between DM and DE in the dark sector of the universe. Considering a modified matter
expansion rate , the DHP of interacting DE (IDE) model [16] we will analyze is written as
EIDE(z) =
[
3Ωm
3−  (1 + z)
3− + 1− 3Ωm
3− 
] 1
2
, (5)
where the free parameter  > 0 means that the momentum transfers from DE to DM and vice versa.
In order to alleviate the H0 and σ8 tensions in our previous work, we propose an interesting viscous DE (VDE)
model [17], where the effective pressure of DE is shown as pde = −ρde−3ηH2 by adding a bulk viscosity term −3ηH2
into the standard case. ρde and η denote the energy density of DE and bulk viscosity coefficient, respectively. The
corresponding DHP of this VDE model is expressed as
EVDE(z) =
[
Ωm
1 + η
(1 + z)3 + (1− Ωm
1 + η
)(1 + z)−3η
] 1
2
, (6)
3An important and unsettled problem in modern cosmology is whether the DE is a dynamical matter component.
To deal with this problem, we utilize a DE density-parametrization scenario (hereafter we call this model as DDE)
[18], the DHP of which can be shown as
EDDE(z) =
[
Ωm(1 + z)
3 + (1− Ωm)(1 + β − β
1 + z
)
] 1
2
, (7)
where β is a typical parameter characterizing this model. One can easily find that when nrun =  = η = β = 0, the
above four alternatives will reduce to ΛCDM. These four one-parameter extensions to ΛCDM have simplicity and
elegance to be tested with observations and can easily tell us that whether there is a running of scalar spectral index,
an interaction in the dark sector, bulk viscosity of DE or dynamical hints of DE.
Besides the background evolution of the above four cosmological models, we also consider modifications to linear
perturbations of FRW metric. In general, the scalar perturbation of FRW spacetime [19] can be written as
ds2 = −(1 + 2Φ)dt2 + 2a∂iBdtdx+ a2 [(1− 2Ψ)δij + 2∂i∂jE] dxidxj , (8)
where Φ and Ψ are linear gravitational potentials. Under the synchronous gauge setting Ψ = η, Φ = B = 0 and
E = −(h+ 6η)/2k2, then in k-space, the perturbed part of energy-momentum conservation equations will leads to
δ˙ = −(1 + ω)(θ + h˙
2
) + 3(ω − δp
δρ
)
a˙
a
δ, (9)
θ˙ = (3ω − 1) a˙
a
θ − ω˙
1 + ω˙
θ +
k2δ
1 + ω
δp
δρ
− k2δ, (10)
where ω, σ, δ and θ denote, respectively, the EoSs of cosmic fluids, shear, density perturbation and velocity pertur-
bation, and the dot represents the derivative with respect to the conformal time. These equations are valid for a
single uncoupled fluid, or for the net (mass-averaged) δ and θ for all fluids. They need to be modified for individual
components if the components interact with each other. Furthermore, we modify the perturbations of DE as follows
δ˙de = −(1 + ωde)(θde + h˙
2
)− 3ω˙de a˙
a
θde
k2
+ 3
a˙
a
(ωde − c2s)[δde + 3
a˙
a
(1 + ωde)
θde
k2
], (11)
θ˙de = (3c
2
s − 1)
a˙
a
θde +
c2s
1 + ωde
k2δde, (12)
where c2s and ωde are the sound speed (SS) in the rest frame and the effective EoS of DE, respectively. In order to
avoid the unphysical SS, we choose c2s = 1 in the following context. Meanwhile, for convenience of calculations, we
adopt σ = 0. It is noteworthy that the effective EoSs of DE of RSSI, IDE, VDE and DDE models can be shown as,
respectively, -1, −1+ (1+z)3−−(1+z)3
3
3− (1+z)
3−−(1+z)3+ Ω˜ΛΩm
[16], −1−η− ηΩm(1+z)3
(1− 1−η1+ηΩm)(1+z)−3η− η1+ηΩm(1+z)3
[17] and −1+ β3[(1+β)(1+z)−β]
[18], where Ω˜Λ the dimensionless ground state value of vacuum.
III. DATA AND STATISTICS
To perform the observational constraints on the above four alternatives better by using the latest cosmological
observations, we shall write their parameter spaces as follows
PΛCDM = {Ωbh2, Ωch2, 100θMC , τ, ln(1010As), ns}, (13)
PRSSI = {Ωbh2, Ωch2, 100θMC , τ, ln(1010As), ns, nrun}, (14)
PIDE = {Ωbh2, Ωch2, 100θMC , τ, ln(1010As), ns, }, (15)
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FIG. 1: The 1σ and 2σ marginalized contours of RSSI, IDE, VDE and DDE models are presented by using the datasets D
(blue) and C (red) in the planes of Ωm − σ8 and Ωm − σ8Ω0.5m , respectively. As a comparison, the 1σ and 2σ marginalized
contours of ΛCDM model using the datasets C (green) and D (grey) are also shown, respectively.
5TABLE I: The 1σ confidence intervals from marginalized constraints on model parameters of RSSI, IDE, VDE and DDE are
presented by using the datasets D, C, CBSL and DCBSL, respectively. Here we also quote the 2σ limits of bulk viscosity
coefficient η and dynamic parameter β.
Models Data Ωm σ8 ns nrun  η β
RSSI D 0.281+0.032−0.041 0.818± 0.066 ? 0.059+0.083−0.093 ? ? ?
RSSI C 0.313± 0.014 0.836± 0.016 0.9651± 0.0066 −0.0084± 0.0082 ? ? ?
RSSI CBSL 0.322± 0.007 0.803± 0.014 0.9600+0.0043−0.0038 0.0199± 0.0075 ? ? ?
RSSI DCBSL 0.308+0.006−0.007 0.806
+0.011
−0.008 0.9645± 0.0045 0.0208± 0.0070 ? ? ?
IDE D 0.273+0.040−0.035 0.837± 0.081 ? ? 0.029± 0.048 ? ?
IDE C 0.302± 0.015 0.805± 0.018 0.9697± 0.0068 ? −0.0013± 0.0038 ? ?
IDE CBSL 0.3216± 0.0072 0.810± 0.016 0.9569± 0.0040 ? −0.00006± 0.00031 ? ?
IDE DCBSL 0.309± 0.006 0.792+0.015−0.013 0.9608± 0.0040 ? −0.00004± 0.00031 ? ?
VDE D 0.283± 0.029 0.798± 0.052 ? ? ? < 0.879 (2σ) ?
VDE C 0.296+0.014−0.016 0.804± 0.018 0.9738± 0.0072 ? ? < 0.185 (2σ) ?
VDE CBSL 0.307+0.013−0.012 0.816± 0.011 0.9671± 0.0077 ? ? < 0.00348 (2σ) ?
VDE DCBSL 0.301± 0.010 0.807± 0.006 0.9687± 0.0079 ? ? < 0.00152 (2σ) ?
DDE D 0.275+0.036−0.040 0.853± 0.077 ? ? ? ? > −0.684 (2σ)
DDE C 0.320± 0.021 0.801+0.041−0.029 0.9604± 0.0041 ? ? ? −0.25+0.28−0.30
DDE CBSL 0.315± 0.008 0.830+0.016−0.013 0.9534± 0.0048 ? ? ? −0.23+0.12−0.14
DDE DCBSL 0.305+0.008−0.007 0.809± 0.010 0.9622± 0.0045 ? ? ? −0.04± 0.12
PVDE = {Ωbh2, Ωch2, 100θMC , τ, ln(1010As), ns, η}, (16)
PDDE = {Ωbh2, Ωch2, 100θMC , τ, ln(1010As), ns, β}, (17)
where Ωbh
2 and Ωch
2 denote the present baryon and CDM densities, θMC is the ratio between the angular diameter
distance and sound horizon at the redshift of last scattering z?, τ is the optical depth due to reionization, ln(10
10As)
the amplitude of primordial power spectrum at the pivot scale K0 = 0.05 Mpc
−1, ns the scalar spectral index, nrun
a running of scalar spectral index,  the modified matter expansion rate, η the bulk viscosity coefficient and β the
typical parameter of our DDE model. Here h ≡ H0/(100 km s−1 Mpc−1).
In this work, we shall use several standard cosmic probes to explore whether there exists new physics beyond
the standard cosmological model, and try to check that whether the σ8 tension between Planck CMB and DES Y1
datasets can be appropriately reconciled in the above alternatives.
The specific probes from DES Y1 [13] used in this work include the following three 2-point correlation functions:
Galaxy clustering: Generally, the homogeneity of matter distribution in the universe can be traced via galaxies
distribution. The overabundance of pairs at angular separation θ in a random distribution, ω(θ), is one of the most
convenient ways to measure galaxy clustering. It quantifies the scale dependence and strength of galaxy clustering,
and consequently affects the matter clustering [20].
Cosmic shear: The 2-point statistics characterize shapes of galaxies are very complex, since they are products of
components of a spin-2 tensor. Hence, it is convenient to extract information from a galaxy survey by using a pair
of 2-point correlation functions ξ+(θ) and ξ−(θ), which denote the sum and difference of products of tangential and
cross components of the shear, measured with respect to the line connecting each pair of galaxies [21].
Galaxy-galaxy lensing: The characteristic distortion of source galaxy shapes is from mass associated with foreground
lenses. This distortion is the mean tangential ellipticity of source galaxy shapes around lens galaxy positions for each
pair of redshift bins and also named as the tangential shear, γt(θ) [22].
More detailed information and possible systematic effects of the DES Y1 data can be found in [20–22]. We will
refer to this dataset as “ D ” later.
The external cosmic probes included in this work shall be shown as follows:
CMB: The Planck satellite has measured many aspects of formation and evolution of the universe such as matter
components, topology and large scale structure effects. We use Planck-2015 CMB temperature and polarization data
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FIG. 2: The 1σ and 2σ marginalized constraints on the cosmological parameters of RSSI model are presented by using the
combined datasets CBSL (magenta) and DCBSL (blue), respectively.
including likelihoods of temperature at 30 6 ` 6 2500 and the low-` temperature and polarization likelihoods at
2 6 ` 6 29, i.e., TT+lowP [15]. This dataset is denoted as “ C ”.
BAO: The BAO is a very clean observation to probe the evolution of the universe, which are unaffected by errors
in the nonlinear evolution of the matter density field and other systematic errors which may affect other observations.
Measuring the position of these oscillations in the matter power spectrum at different redshifts can place constraints
on the expansion history of the universe after decoupling and break degeneracies of parameters better. Here we employ
the BOSS DR12 dataset at three effective redshifts zeff = 0.38, 0.51 and 0.61 [23], the 6dFGS sample at zeff = 0.106
[24] and the SDSS-MGS one at zeff = 0.15 [25]. We refer to this dataset as “ B ”.
SNe Ia: SNe Ia is a powerful distance indicator to probe the expansion history of the universe, especially, the EoS of
DE. To implement numerical analysis, we utilize the largest SNe Ia “ Pantheon ” sample to date, which integrates the
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FIG. 3: The 1σ and 2σ marginalized constraints on the cosmological parameters of IDE model are presented by using the
combined datasets CBSL (magenta) and DCBSL (blue), respectively.
SNe Ia data from the Pan-STARRS1, SNLS, SDSS, low-z and HST and consists of 1049 spectroscopically confirmed
SNe Ia in the redshift range z ∈ [0.01, 2.3] (see [26] for more details). Hereafter we denote this dataset as “ S ”.
Lensing: As a complementary probe, we also make use of Planck-2015 CMB lensing measurements from temperature
only [27], which act like an extra narrow and very high redshift source sample are measured from, are higher-order
correlations in the temperature field, and have given high-quality measurement with a 2.5% constraint on the amplitude
of lensing potential power spectrum. We shall refer to this dataset as “ L ”.
To acquire the posterior probability density distributions of model parameters, we modify equations governing
the background evolution and perturbations of the universe in the public package CosmoMC and CAMB [28, 29].
To implement the standard Bayesian analysis, we choose the following prior ranges for different model parameters:
Ωbh
2 ∈ [0.005, 0.1], Ωch2 ∈ [0.001, 0.99], 100θMC ∈ [0.5, 10], τ ∈ [0.01, 0.8], ln(1010As) ∈ [2, 4], ns ∈ [0.8, 1.2],
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FIG. 4: The 1σ and 2σ marginalized constraints on the cosmological parameters of VDE model are presented by using the
combined datasets CBSL (magenta) and DCBSL (blue), respectively.
nrun ∈ [−1, 1],  ∈ [−0.3, 0.3], η ∈ [0, 1] and β ∈ [−3, 3]. To compare the impacts of different datasets on constraining
typical model parameters, we take four kinds of data combinations: (i) C; (ii) D; (iii) CBSL; (iv) DCBSL.
IV. RESULTS
In light of different kinds of datasets D, C, CBSL and DCBSL, our numerical analysis results are presented in Tab.
I, which includes mean values with 1σ errors and 2σ limits of different model parameters of the above four alternatives
from Markov Chain Monte Carlo analysis. The marginalized 1-dimensional and 2-dimensional posterior distributions
964.5 66.0 67.5 69.0
H0
0.116
0.120
0.124
Ω
c
h
2
1.0392
1.0400
1.0408
10
0θ
M
C
0.02
0.04
0.06
0.08
τ
0.50
0.25
0.00
0.25
β
0.94
0.95
0.96
0.97
n
s
0.0205 0.0210 0.0215
Ωbh
2
64.5
66.0
67.5
69.0
H
0
0.116 0.120 0.124
Ωch
2
1.03921.04001.0408
100θMC
0.02 0.04 0.06 0.08
τ
0.50 0.25 0.00 0.25
β
0.94 0.95 0.96 0.97
ns
DDE_CMB+BAO+SNe Ia+Lensing+DES Y1
DDE_CMB+BAO+SNe Ia+Lensing
FIG. 5: The 1σ and 2σ marginalized constraints on the cosmological parameters of DDE model are presented by using the
combined datasets CBSL (magenta) and DCBSL (blue), respectively.
of cosmological parameters of these four models are also exhibited in Figs. 1-5. In Fig. 1, one can easily find that
the σ8 tension between DES Y1 and Planck datasets are clearly alleviated in IDE, VDE and DDE models, and to a
small extent, resolved by RSSI model. As a comparison, we also show the corresponding Ωm − σ8Ω0.5m contours and
the same conclusion is obtained.
For the RSSI model, using only DES Y1 data, we find that the constrained value of a running scalar spectral index
nrun = 0.059
+0.083
−0.093 is consistent with zero at the 1σ CL and its uncertainty is one order of magnitude larger than
Planck’s constraint nrun = −0.0084 ± 0.0082. Using the combined dataset CBSL, it is interesting that we obtain a
positive running nrun = 0.0199 ± 0.0075, which is 2.75σ larger than zero. Furthermore, if adding DES Y1 data into
CBSL, this positive running signal nrun = 0.0208±0.0070 would be more apparent and is 2.97σ larger than zero running
(see also Tab. I). For the IDE model, in the DES Y1-only case, we obtain a relatively loose constraint on the modified
10
matter expansion rate  = 0.029± 0.048 by comparing with Planck’s constraint  = −0.0013± 0.0038. By use of the
combined dataset CBSL and DCBSL, we have improved constraints on the IDE parameter  = −0.00006±0.00031 and
−0.00004± 0.00031, the cental values of which are one order of magnitude lower than those obtained in our previous
work [30, 31]. Meanwhile, there is still no hint of interaction in the dark sector of the universe. For the VDE model,
the 2σ upper bound on the bulk viscosity coefficient η < 0.879 in the DES Y1-only case is much larger than that in
the Planck-only case (η < 0.185). Utilizing the data combination of CBSL, we obtain a smaller 2σ bound η < 0.00348
than DES Y1 and Planck data. If combining DES Y1 with CBSL, we can have a tighter 2σ upper limit η < 0.00152
than η < 0.00217 obtained in our previous work [17], where we have no use of DES Y1 data. For the DDE model,
since the DES Y1 data is insensitive to the background quantity of DDE model, it only gives a 2σ lower bound on the
DDE parameter β > −0.684. If adding Planck data into BSL, we have a better constraint β = −0.23+0.12−0.14. However,
this indicates a 1.92σ signal lower than the prediction of standard cosmology. Furthermore, when combing DES Y1
with CBSL, we obtain β = −0.04± 0.12 and the above anomaly disappears.
Comparing the constraining results from CBSL and those from DCBSL for four alternatives, we find that the
addition of DES Y1 data could lead to a larger CDM density ratio Ωch
2 and a smaller baryon density ratio Ωbh
2, and
except for VDE, the values of scalar spectral index ns shift towards the right in the left three models (see also Figs.
2-5). Interestingly, in Fig. 5, we also observe that the typical parameter β of DDE is anti-correlated with H0 and
Ωch
2. This indicates that increasing β would lead to decreasing Hubble constant and CDM density in the late-time
universe. Moreover, based on current data, two model parameters  and η are still highly degenerated with other
cosmological parameters. We need more high-quality data to break degeneracies between parameters and explore
their correlations.
V. DISCUSSIONS AND CONCLUSIONS
With recent DES Y1 data release, we are motivated by exploring whether there is new physics beyond the ΛCDM
model and alleviating the small σ8 tension (see also Fig. 10 in [13]) between the DES Y1 and Planck temperature
and polarization datasets by using four alternative cosmological models.
We find that the σ8 tension can be apparently resolved in the IDE, VDE and DDE models, and to a relatively
small extent, alleviated in the RSSI model. For the RSSI model, it is very interesting that when combining the DES
Y1 data with CBSL, we obtain a positive running nrun = 0.0208± 0.0070, which is approximately 3σ larger than the
prediction of standard cosmology. Using the data combination of DCBSL, we also have an updated constraint on the
IDE parameter −0.00004 ± 0.00031, the cental value of which are one order of magnitude lower than that obtained
in our previous work [30, 31] and prefers a negative one. This indicates that there is still no evidence of interaction
between DM and DE in the dark sector of the universe. For the VDE model, using the combined datasets DCBSL,
we obtain a tighter 2σ upper bound on the bulk viscosity coefficient η < 0.00152 than η < 0.00217 obtained in our
previous work [17]. For the DDE model, adding the DES Y1 data into CBSL, we have the typical parameter of DDE
β = −0.04± 0.12 at the 1σ CL, which implies that there does not exist hint of DDE in the universe.
From Tab. I, we can easily see that the scale invariance of primordial power spectrum (ns = 1) is still strongly
disfavored by current cosmological observations in the above four models. Using the data combinations CBSL and
DCBSL, we find the anti-correlations between the DDE parameter β and H0 and Ωch
2, which means that increasing
β could lead to smaller cosmic expansion rate H0 and CDM density ratio. In light of currently available data, the
degeneracies between two model parameters  and η and other ones cannot be broken.
Since the DES collaboration just reports their first year data release which is not good enough to constrain some
model parameters with high accuracy, we expect that, by combining their follow-up data with other updated obser-
vations, we can explore whether there is any signal beyond the standard cosmological model and go a further step to
break the degeneracies between parameters.
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